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(54) Method of producing paraffin wax 

(57) A method of producing a paraffin wax for aque- 
ous dispersion polymerization of TFE which allows high 
speed aqueous dispersion polymerization of TFE with 
excellent polymerization behavior such as excellent dis- 
persion stability and consistent production of PTFE hav- 
ing excellent physical properties, and a method of pro- 
ducing PTFE using the paraffin wax. Aqueous disper- 
sion polymerization of tetrafluoroethyiene (hereinafter 



referred to as TFE) is conducted in the presence of a 
paraffin wax, a polymerization initiator and an emulsifier 
at least once and then the paraffin wax is recovered. 
The recovered paraffin wax is used for aqueous disper- 
sion polymerization of TFE in the presence of a polym- 
erization initiator and an emulsifier. 
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Description 

[0001] The present invention relates to a method of 
producing a paraffin wax used in aqueous dispersion 
polymerization of tetrafluoroethylene and a method of 
producing a poiytetrafluoroethylene using the resulting 
paraffin wax. The resulting poiytetrafluoroethylene is 
used for thread seal tape, a binder for fuel cells and so 
on. 

[0002] Poiytetrafluoroethylene (hereinafter referred 
to as PTFE) has been obtained by polymerizing 
tetrafluoroethylene (hereinafter referred to as TFE) 
alone or, if necessary, with comonomers and is used for 
various products. 

[0003] PTFE is obtainable by aqueous dispersion po- 
lymerization and available in the form of a dispersion of 
polymer particles or in the form of fine powder after co- 
agulation and drying. 

[0004] PTFE dispersions are used for glass cloth im- 
pregnation to make canvas. PTFE fine powder is used 
as a raw materia! for wire coatings, tubes, thread seal 
tape, clothing and stretched porous films such as filters. 
[0005] it is known that in aqueous dispersion polym- 
erization of TFE, formation of a small amount of coagu- 
lum makes coagulation of the dispersion. proceed accel- 
eratingly and finally the dispersion coagulates entirely. 
Therefore, to prevent entire coagulation by removing a 
small amount of coagulum from the miceiis where TFE 
is polymerizing, a paraffin wax is usually added to the 
polymerization system as a dispersion stabilizer. 
[0006] However, when used in aqueous dispersion 
polymerization of TFE, usual commercially available 
paraffin waxes show different influences on the polym- 
erization behavior and the physical properties of the re- 
sulting PTFE depending on the grade or the production 
lot used, and this is a big problem for consistent produc- 
tion of PTFE by aqueous dispersion polymerization. As 
the influences on the polymerization behavior, reduction 
of the polymerization rate and hindrance of the polym- 
erization may be mentioned. As the influences on the 
physical properties of the resulting PTFE, it may be 
mentioned that the primary particle diameters and the 
paste extrusion pressure are off the required standard 
range for molding. 

[0007] Further, paraffin waxes are usually disposed 
as waste after they are used. It is used in maximum 
amounts of at least 1 0% in relation to water, and reduc- 
tion of waste paraffin waxes is one of the major issues. 
[0008] The object of the present invention is to provide 
a method of producing a paraffin wax for aqueous dis- 
persion polymerization of TFE which allows high speed 
aqueous dispersion polymerization of TFE with excel- 
lent polymerization behavior such as excellent disper- 
sion stability and consistent production of PTFE having 
excellent physical properties, and a method of produc- 
ing PTFE using the resulting paraffin wax. 
[0009] The present inventors have conducted exten- 
sive research on aqueous dispersion polymerization of 



TFE and found that the influences of the quality of the 
paraffin wax on the polymerization behavior of TFE and 
the physical properties of the resulting PTFE can be re- 
duced when the paraffin wax is used in ordinary aque- 

s ous dispersion polymerization of TFE in the presence of 
a polymerization initiator and an emulsifierat least once 
and then recovered and used. The present invention 
has been accomplished on the basis of this discovery. 
[0010] Namely, the present invention provides a 

10 method of producing a paraffin wax for aqueous disper- 
sion polymerization of TFE, which comprises conduct- 
ing aqueous dispersion polymerization of tetrafluoroeth- 
ylene in the presence of a paraffin wax, a polymerization 
initiator and an emulsifierat least once and then recov- 

15 ering the paraffin wax. 

[001 1 ] The present invention also provides the above- 
mentioned method of producing a paraffin wax wherein 
paraffin wax is. washed with water after it is recovered. 
[0012] The present invention provides the above- 

20 mentioned method of producing a paraffin wax wherein 
the washing with water is carried by stirring the recov- 
ered paraffin wax in from 10 to 80 parts of water in re- 
lation to 100 parts of the paraffin wax at a temperature 
of from the melting point of the recovered paraffin wax 

25 to 95° C. ' / ^.^;\ r y . .. '. 

[001 3] The present invention further provides a meth- 
od of producing PTFE, conducting aqueous dispersion 
polymerization of tetrafluoroethylene by using the re- 
covered paraffin produced by any of the above-men- 

30 tioned methods in the presence of a polymerization ini- 
tiator and an emulsifier. 

[001 4] The paraffin wax used in the method of produc- 
ing a paraffin wax of the present invention is not partic- 
ularly restricted and may be a commercially available 

35 paraffin wax. 

[0015] When used in aqueous dispersion polymeriza-. 
ti on of TFE, commercially available paraffin waxes show 
different influences on the polymerization behavior and 
the physical properties of the resulting PTFE depending 

40 on the grade orthe production lot used, and this is a big 
hindrance to consistent production of PTFE by aqueous 
dispersion polymerization. 

[0016] A paraffin wax having a melting point from 40 
to 65°C, particularly from 50 to 65°C, is preferable. In 

45 the aqueous dispersion polymerization , the paraffin wax 
is preferably used in an amount of from 0.1 to 12% (by 
mass, the same applies hereinafter), particularly from 
0.1 to 8%, based on the mass of the water. 
[0017] As the paraffin wax used in the method of pro- 

so ducing a paraffin wax of the present invention, a fresh 
paraffin wax may be used alone or in combination with 
a recovered paraffin wax already produced by the meth- 
od of producing a paraffin wax of the present invention. 
In the case of combination use, the ratio of a fresh par- 

55 affin wax/a recovered paraffin wax is preferably at most 
80/20, particularly at most 40/60. Use of a large amount 
of a recovered paraffin wax and a smaller ratio of the 
fresh paraffin wax reduces the influences of the fresh 
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paraffin wax on the polymerization behavior of the aque- 
ous dispersion polymerization of TFE and the physical 
properties of the resulting PTFE. Therefore, even if a 
fresh paraffin wax is used in combination, the polymer- 
ization rate and the physical properties can be brought 
within given ranges. Further, the method of producing a 
paraffin wax of the present invention may be applied to 
an ordinary PTFE production process to more effective- 
ly produce a recovered paraffin wax. 
[001 8] The aqueous dispersion polymerization of TFE 
in the method of producing a paraffin wax of the present 
invention is conducted in the presence of a paraffin wax, 
a polymerization initiator and an emulsifier. 
[0019] The polymerization of TFE in the method of 
producing a paraffin wax of the present invention may 
be homopolymerization of TFE or copolymerization of 
TFE with comonomers such as fluorine-containing mon- 
omers other than TFE. As comonomers, fluorine-con- 
taining monomers such as hexafluoropropylene, per- 
fluorobutene-1 , perfluorohexene-1 , pert luorononene-1 , 
perfiuoro(methyl vinyl ether), perfluoro(ethyl vinyl 
ether), perfiuoro(propyl vinyl ether), perfluoro(heptyl vi- 
nyl ether), (perfluoromethyl)ethylene, (perfluorobutyl) 
ethylene and chlorotrifluoroethyiene may be mentioned. 
These fluorine-containing monomers may be used 
alone or in combination of at least two of them. The ratio 
of a comonomer to be copolymerized is usually at most 
1%, preferably at most 0.5%. 

[0020] The polymerization temperature is preferably 
within the range of from 5 to 120°C, particularly within 
the range of from 60 to 1 00°C. The polymerization pres- 
sure is selected appropriately and preferably within the 
range of from 0.5 to 4.0 MPa, particularly within the 
range of from 1 .0 to 2.5 MPa. 

[0021 ] As the polymerization initiator, a water-soluble 
radical polymerization initiator or a water-soluble redox 
type polymerization initiator is preferred. Preferred wa- 
ter-soluble radical polymerization initiators are persul- 
fates such as ammonium persulfate and potassium per- 
sulfate and water-soluble organic peroxides such as bis- 
succinic acid peroxide, bisglutaric acid peroxides and 
tert-butyl hydroperoxide. They may be used alone or in 
combination of at least two. The amount of the polym- 
erization initiator is preferably from 5 to 200 ppm : par- 
ticularly from 15 to 120 ppm, based on the mass of the 
water. If the amount of the polymerization initiator is too 
small, the recovered paraffin wax can have little effect 
of suppressing the undesirable influences on the polym- 
erization. 

[0022] As the emulsifier, an anionic surfactant which 
is unlikely to undergo chain transfer, particularly a fluor- 
ocarbon anionic surfactant, is preferred. Specific exam- 
pies include XC n F 2n COOM (wherein X is a hydrogen at- 
om, a chlorine atom, a fluorine atom or (CF 3 ) 2 CF, M is 
a hydrogen atom, NH 4 or an alkali metal, and n is an 
integer of from 6 to 12), C m F 2m+1 0 (CF(CF 3 )CF 2 0) p CF 
(CF 3 )LOOM (wherein M is a hydrogen atom, NH 4 or an 
alkali metal, m is an integer of from 1 to 12, and p is an 



integer of from 0 to 5), C n F 2n+1 S0 3 M and 
C n F 2n+1 CH 2 CH 2 S0 3 M. More preferred are perfluoro- 
carbon anionic surfactants such as C 7 F 15 COONH 4 , 
C 8 F 17 COONH 4 , C 9 F 19 COONH 4 , C 10 F 21 COONH 4 , 

s C 7 F 15 COONa, C 8 F 17 COONa, C 9 F 19 COONa, 
C 7 F 15 COOK, C 8 F 17 COOK, C 9 F 19 COOK and C 3 F 7 0 
(CF(CF 3 )CF 2 0) 2 CF(CF 3 )COONH 4 . These may be 
used alone or in combination of at least two. The amount 
of the emulsifier is preferably within the range of from 

10 250 to 5000 ppm, based on the mass of the water used. 
This amount range allows improvement in the stability 
of the aqueous dispersion and increase in the breaking 
strength of molded articles made of the resulting PTFE. 
It is also preferred to add an extra amount of the emul- 

15 sifier to further improve the stability of the aqueous dis- 
persion. 

[0023] The aqueous dispersion polymerization is usu- 
ally so conducted as to give a PTFE aqueous dispersion 
with a solid content of from 20 to 45%, preferably at least 

20 25% in the present invention. If the polymerization is ter- 
minated at a low solid content, the recovered paraffin 
wax may have little effect of suppressing the undesira- 
ble influences on the polymerization. It is not preferable 
that the solid content is too high because a large amount 

25 of coaguium is produced. 

[0024] In the present invention, from the PTFE aque- 
ous dispersion obtained by aqueous dispersion polym- 
erization of TFE, the paraffin wax is recovered. 
[0025] The recovery of the paraffin wax is accom- 

30 plished by separating the molten paraffin wax from the 
PTFE aqueous dispersion by decantation or by cooling 
the aqueous dispersion and then separating the solidi- 
fied paraffin wax. 

[0026] The recovered paraffin wax may be used for 

35 aqueous dispersion polymerization of TFE directly after 
removal of PTFE coaguium contained therein but pref- 
erably after washed with water. The PTFE coaguium in 
the recovered paraffin wax can readily be removed from 
the paraffin wax in a molten state by decantation orfii- 

*o tration. The washing with water is preferably carried out 
by mixing the recovered paraffin wax and water. The 
washing with water is preferably carried out by stirring 
in a vessel equipped with a jacket. 
[0027] The recovered paraffin wax is preferably 

45 washed with from 1 0 to 80 parts of water in relation to 
100 parts (by weight, the same applies hereinafter) of 
the paraffin wax, particularly with from 30 to 60 parts of 
water in view of the washing efficiency and productivity. 
The washing temperature is preferably from the melting 

50 point of the recovered paraffin wax to 95°C, particularly 
from 70 to 85°C. If the washing temperature is higher 
than 95°C, the paraffin wax can oxidatively deteriorate. 
An oxidatively deteriorated paraffin wax, if used in aque- 
ous dispersion polymerization of TFE, has harmful ef- 

55 fects such as a slowdown of the polymerization rate and 
complete hindrance of the progress of the polymeriza- 
tion and moreover can deteriorate the physical proper- 
ties of the resulting PTFE. The washing is preferably 
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carried out for from 30 minutes to 4 hours, particularly 
from 1 to 3 hours, after the temperature reaches the pre- 
determined level. The paraffin wax recovered in a liquid 
state may be used directly for aqueous dispersion po- 
lymerization of TFE after recovery or after recovery and 
washing with water, but preferably after solidification. 
[0028] The production of PTFE according to the 
present invention is preferably carried out under the 
same conditions as the method of producing a paraffin 
wax of the present invention except for the use of the 
paraffin wax produced by the method of producing a par- 
affin wax of the present invention. 
[0029] A paraffin wax produced by the method of pro- 
ducing a "paraffin wax of the present invention allows 
consistent aqueous dispersion polymerization of TFE 
without lowering or fluctuating the rate of aqueous dis- 
persion polymerization of TFE. The resulting PTFE dis- 
persion and the PTFE fine powder obtained from the dis- 
persion by coagulation have excellent and consistent 
physical properties. 

[0030] For example, it is possible to lower the stand- 
ard specific gravity (hereinafter referred to as SSG) of 
the resulting PTFE to 2:1 65 or below. The SSG is an 
indication of molecular weight, and a small SSG means 
a high molecular weight. The SSG tends to decrease 
with increase in the average molecular weight. Namely, 
it is possible to readily obtain PTFE having a small SSG 
and a highr molecular weight; 

[0031] Further, it is possible forthe PTFE fine particles 
in the aqueous medium to have an average particle di- 
ameter of from about 0.1 to 0.4 um Furthermore, the 
resulting PTFE fine powder can be extruded at a pres- 
sure of from 9.8 MPa (100 kgf/cm 2 ) to 24.5 MPa (250 
kgf/cm 2 ). 

[0032] Now, the present invention will be illustrated by 
Examples below, but the present invention is by no 
means limited to them. 

[0033] The standard specific gravity was measured in 
accordance with J IS K6935-2, and the extrusion pres- 
sure was measured as follows. 

[Measurement of extrusion pressure] 

[0034] 100 g of a PTFE fine powder resin which had 
been left to stand at a room temperature for at least 2 
hours was put in a glass bottle with a 900 cc capacity 
and 21.7 g of a lubricant, Isobar H (registered trade 
mark, Exxon) was added, followed by mixing for 3 min- 
utes to give a PTFE mixture. The resulting PTFE mixture 
was allowed to stand in an incubator at 25°C for 2 hours 
and paste-extruded into beads at a reduction ratio (the 
ratio of the inlet cross-sectional area to the outlet cross- 
sectional area of the die) of 100, an extrusion speed of 
50.8 cm/min at 25°C through an orifice with a diameter 
of 2.5 cm, a land length of 1 .1 cm and an entrance angle 
of 30°. The pressure required for the extrusion was 
measured and defined as extrusion pressure. 



EXAMPLE 1 

[0035] A 100 f polymerization vessel was charged 
with 740 g of fresh Nisseki 125° paraffin wax (melting 

5 point 52°C), 60 (of ultrapure water and 190 g of ammo- 
nium perfluprooctanoate. The vessel was degassed, 
purged with nitrogen, and then heated to70°C. After the 
temperature became stable, TFE was supplied at a 
pressure of 1 .86 MPa. 7.5 g of disuccinic acid peroxide 

10 dissolved in 1 € of water was added to initiate polymer- 
ization while the contents were stirred. Since the pres- 
sure in the polymerization vessel dropped as the polym- 
erization proceeded due to consumption of TFE, TFE 
was supplied continuously to keep the pressure con- 

15 stant. Further, 30 minutes after the initiation of the po- 
lymerization, 300. g of ammonium perfiuorooctanoate 
dissolved in 1 € of water was added. From 60 minutes 
after the initiation of the polymerization, the temperature 
in the polymerization vessel was elevated at a rate Of 

20 20°C per hour. When 25 kg of TFE had been supplied 
since the initiation of the polymerization, the stirring and 
the supply of TFE were stopped, and then the polymer- 
ization vessel was purged of.TFE with nitrogen, and the 
PTFE aqueous dispersion was obtained. The polymer- 

25 ization required 211 minutes. After cooling, solid paraffin 
wax and PTFE aqueous dispersion was separated. The 
dispersion was coagulated to separate the wet PTFE, 
and it was dried at 160°Cto obtain a PTFE fine powder. 
The PTFE had a standard specific gravity of 2.1 71 and. 

30 required an extrusion pressure of 20.6 MPa. 

[0036] From the supernatant obtained by separation 
of the wet PTFE from the aqueous dispersion, the used 
Nisseki 125° paraffin wax was recovered, and water and 
the recovered paraffin wax were put in a 1 00 € vessel in 

35 a ratio of 40 £ to 20 kg. The temperature was elevated, 
and stirring was started when the paraffin wax melted 
completely. The temperature was further elevated, and 
stirring was continued for 2 hours while the internal tem- 
perature was kept at 80°C. Then, the paraffin wax was 

40 separated from the water, solidified and recovered as a 
recovered paraffin wax. 

EXAMPLE 2 

45 [0037] The same procedure as in Example 1 was fol- 
lowed to produce PTFE except that the recovered par- 
affin wax obtained in Example 1 was used instead of the 
fresh Nisseki 125° paraffin wax used for aqueous dis- 
persion polymerization of TFE in Example 1 . The polym- 

50 erization required 1 27 minutes. The resulting PTFE had 
a standard specific gravity of 2.1 61 and required an ex- 
trusion pressure of 22,1 MPa. 

EXAMPLE 3 

55 

[0038] The same procedure as in Example 1 was fol- 
lowed to produce PTFE except that the recovered par- 
affin wax obtained in Example 2 was used instead of the 
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fresh Nisseki 125° paraffin wax used for aqueous dis- 
persion polymerization of TFE in Example 1 . The polym- 
erization required 121 minutes. The emulsion was co- 
agulated and dried in the same manner as in Example 
2 to obtain a PTFE fine powder. The resulting PTFE had 
a standard specific gravity of 2.1 60 and required an ex- 
trusion pressure of 21 .5 MPa. 

EXAMPLE 4 

[0039] The same procedure as in Example 1 was fol- 
lowed to produce PTFE except that a mixture of 520 g 
of the recovered paraffin wax obtained in Example 2 and 
220 g of fresh Nisseki 125° paraffin wax was used in- 
stead of the fresh Nisseki 125° paraffin wax used for 
aqueous dispersion polymerization of TFE in Example 
1 . The polymerization required 141 minutes. The emul- 
sion was coagulated and dried in the same manner as 
in Example 2 to obtain a PTFE fine powder. The result- 
ing PTFE had a standard specific gravity of 2.162 and 
required an extrusion pressure of 21.2 MPa. 
[0040] As described above, the present invention en- 
ables high speed aqueous dispersion polymerization of 
TFE with excellent polymerization behavior such as ex- 
cellent dispersion stability and consistent production of 
PTFE having excellent physical properties. It is also 
possible to reduce waste discharge into the environ- 
ment by recovering and reusing the paraffin wax. 
[0041] The entire disclosure of Japanese Patent Ap- 
plication No. 2000-388855 filed on December 21 , 2000 
including specification, claims and summary are incor- 
porated herein by reference in its entirety. 



Claims 

1. A method of producing a paraffin wax for aqueous 
dispersion polymerization of tetrafluoroethylene, 
which comprises conducting aqueous dispersion 



from 30 to 60 parts of water in relation to 1 00 parts 
of the paraffin wax at a temperature from 70 to 85°C. 

5. The method of producing a paraffin wax according 
5 to any one of Claims 1 to 4, wherein the melting 

point of the paraffin wax is from 40 to 65°C. 

6. The method of producing a paraffin wax according 
to any one of Claims 1 to 4, wherein the melting 

10 point of the paraffin wax is from 50 to 65°C. 

7. A method of producing a tetrafluoroethylene poly- 
mer, which comprises conducting aqueous disper- 
sion polymerization of tetrafluoroethylene by using 

15 the recovered paraffin produced by the method of 
producing a paraffin wax defined in any one of 
Claims 1 to 6, in the presence of a polymerization 
initiator and an emulsifier. 

20 8. A method of producing a polytetrafluoroethylene, 
which comprises conducting aqueous dispersion 
polymerization of tetrafluoroethylene by using the 
recovered paraffin wax produced by the method of 
producing a paraffin wax defined in any one of 
25 Claims 1 to 6 and a fresh paraffin wax in the ratio 
of 20/80 in the presence of a polymerization initiator 
and an emulsifier. 

9. The method of producing a polytetrafluoroethylene 
30 according to Claim 8, wherein the ratio of the recov- 
ered paraffin wax to the fresh paraffin wax is at most 
40/60. 

10. The method of producing a polytetrafluoroethylene 
35 according to any one of Claims 7 to 9, wherein the 

emulsifier is a perfluorocarbon anionic surfactant. 



20 8. 



25 



polymerization of tetrafluoroethylene in the pres- 
ence of a paraffin wax, a polymerization initiator and 
an emulsifier at least once and then recovering the 
paraffin wax. 

2. The method of producing a paraffin wax according 45 
to Claim 1 , wherein the paraffin wax is washed with 
water after it is recovered. 

3. The method of producing a paraffin wax according 

to Claim 2, wherein the washing with water is car- 50 
ried by stirring the recovered paraffin wax in from 
1 0 to 80 parts of water in relation to 1 00 parts of the 
paraffin wax at a temperature of from the melting 
point of the recovered paraffin wax to 95°C. 

55 

4. The method of producing a paraffin wax according 
to Claim 2, wherein the washing with water is car- 
ried out by stirring the recovered paraffin wax in 
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